In Streptomyces lividans, the tight temporal regulation of the transient expression of the sblA gene was shown to involve an operator-like sequence located on the sblA transcript. This operator-like structure constitutes a stem-loop structure containing a Shine/Dalgarno-like sequence. Its destruction, by site directed mutagenesis, led to an enhancement of sblA expression. This structure thus plays a negative role in the regulation of sblA expression and might be involved in the regulation of the specific degradation of the sblA transcript. In this issue, the fates of the sblA transcript, in S. lividans and in Escherichia coli, were compared. Analysis of the decay of the sblA transcript revealed that, in both species, the sblA transcript was cleaved just behind the stem-loop structure by an RNAse E-like activity. In E. coli, three discrete products resulting from the cleavage of the full-length transcript by the RNAase E at another site, located 282 nucleotides downstream of the stem-loop structure, were detected whereas only one processed product, corresponding to the 5 0 end of the gene, was detected in S. lividans. These differences in the mode of degradation of the sblA transcript in S. lividans and E. coli are discussed.
Introduction
It was demonstrated previously that the sblA gene of Streptomyces lividans encodes a bi-functional enzyme able to cleave (phospholipase C-like activity) and dephosphorylate (phosphatase activity) phosphoinositides. The hydrolysis of phosphoinositides by SblA seems to be necessary to stimulate glucose uptake during the late phase of growth (Chouayekh et al., 2007) . A sblA mutant of S. lividans is thus resistant to glucose catabolite repression (Gagnat et al., 1999) and does not achieve the glucose-dependent growth resumption that follows the transition phase (Chouayekh et al., 2007) . sblA, transcribed from a unique promoter, is transiently expressed toward the transition phase (Chouayekh et al., 2007) . This transient expression implies a very tight regulation that was shown to involve two cis-acting operator-like sequences. One, located just upstream of the -35 region, consists of nine direct repeats of the sequence C(C/G)GGAGG(T/C) and is thought to constitute a repressor binding site (Chouayekh et al., 2007) .
The other one, located 170-bp downstream of the GTG start codon, is present on the sblA transcript and forms a putative stem-loop structure containing a Shine/Dalgarno-like sequence. The destruction of this secondary structure or the replacement of the AGGAGG sequence by another sequence by site-directed mutagenesis led to an increase of sblA expression, demonstrating that this sequence was playing a negative role in the regulation of sblA expression (Chouayekh et al., 2007) . This sequence was thought to be involved in the regulation of the specific degradation of the sblA transcript, contributing to the abrupt switching off of sblA expression toward the transition phase since it was present on the sblA transcript (Chouayekh et al., 2007) .
In this paper, the fate of the sblA transcript in its original strain S. lividans and in various Escherichia coli strains (impaired or not for the RNAse E or the RNAse III endoribonucleolytic activities) was compared, thinking that this analysis might provide some novel information on the regulation of sblA expression.
Materials and methods

Bacterial strains and plasmids
The Streptomyces strains used were S. lividans TK24 (Hopwood et al., 1983) (Takano et al., 1995) to yield pHC1002 (Chouayekh et al., 2007) . In that construct, the expression of sblA was placed under the control of the nosiheptide inducible tipA promoter (Murakami et al., 1989) .
The E. coli strains used were N3433 (HfrH, lacZ43,l À , relA1, spoT1, thi-1), N3431 (Apirion, 1973), a derivative of N3433 carrying the thermosensitive allele rne3071 (T s ), rendering RNAse E functional at 30 1C but inactive at 45 1C, and IBPC633 also derived from N3433 that carries the rnc105 allele of the rnc gene encoding the RNAse III and the closely linked nadB51::Tn10. RNAse III in this strain carries a point mutation inactivating its function (Regnier & Hajnsdorf, 1991) . All these strains carry the pREP4 and pHC1001 replicative plasmids. In pHC1001, the 927-bp BclI-SacI DNA fragment from pHC1000 carrying sblA (Chouayekh et al., 2007) was cloned into the expression plasmid pQE32 (Quiagen) in order to place sblA under control of the IPTG inducible lac promoter. pREP4 carries the LacI repressor to ensure a tight control of sblA expression.
Growth conditions for RNA isolation
Cultures of S. lividans TK24 were grown in NMMP (Hopwood et al., 1985) with 1% (w/v) glucose as carbon source and stopped at the end of the first growth phase. RNA was prepared from these cultures as described in Hopwood et al. (1985) , except that a DNAse I treatment was used in addition to salt precipitation. This RNA preparation was used in Northern blot analysis (Fig. 1) .
Cultures of S. lividans TK24 (pHC1002) were grown in duplicate at 30 1C in YEME (yeast extract malt extract) medium with kanamycin at 10 mg mL À1 (Hopwood et al., 1985) for 36 h, then nosiheptide was added at 10 mg mL À1 to one of the cultures and growth was carried out for one extra hour before RNA preparation. This RNA preparation was used for sequencing purposes after cDNA synthesis (Fig. 2 ). Duplicate cultures of each E. coli strain harboring pHC1001 and pREP4 were grown in Luria-Bertani medium in duplicate at 30 1C up to an OD 600 nm of 0.8, then one of them was shifted to 45 1C for 45 min, and isopropyl-bthiogalactoside (IPTG) (1 mM) was then added to both cultures. Two hours after the addition of the inducer IPTG, 10 mL aliquots were rapidly mixed with an equal volume of ethanol pre-equilibrated at À 70 1C and cells were centrifuged for 15 min at 3000 g. They were then resuspended in 1.5 mL of cold 10 mM Tris HCl pH 7.3, 10 mM potassium chloride, 5 mM magnesium chloride buffer before mixing with 1.5 mL of 20 mM Tris HCl pH 7.9, 200 mM NaCl, 40 mM EDTA, 1% sodium dodecylsulfate lysis buffer. Cells were lysed for 2 min at 95 1C and the tubes were chilled on ice. RNAs were extracted twice at 65 1C with 3 mL of phenol saturated with water and once with chloroform at room temperature. RNAs were then precipitated, washed with ethanol and dissolved in diethylpyrocarbonatetreated water (0.01%) and treated with DNAse I (FPLC pureTM from Pharmacia). These RNA preparations were used for Northern blot analysis and sequencing purposes (Figs 1 and 2 ).
Northern blotting
Northern blot analysis of sblA transcription in E. coli and S. lividans were carried out, respectively, with 10 and 40 mg of RNA denatured with a mixture/glyoxal/DMSO (Thomas, 1980) , fractioned on a 1.2% agarose gel, transferred to an hybond-N membrane and hybridized at 65 1C either with the fragment HindIII-Alw44I (Fig. 1c) as probe for RNA originating from S. lividans or with the oligo-probes A (5 0 -gcacaggcaagttgatca-3 0 ) and B (5 0 -ccagggtcgtggacagga-3 0 ) starting 1 and 574-bp downstream of the sblA GTG start codon, respectively. For RNA originating from E. coli, both oligos were labeled at their 5 0 end with [g-32 P]ATP using T 4 polynucleotide kinase. Molecular mass standards from BRL (Bio Research Laboratories) were treated in the same way as the RNA samples and labeled as DNA probes.
PolyA tailing, cDNA synthesis, amplification, cloning and sequencing PolyA tails were added to RNA isolated from E. coli N3433/ [pHC1001; pREP4] and S. lividans TK24 (pHC1002) strains using the following procedure: 12 or 40 mg of RNA originating from E. coli and S. lividans, respectively, were incubated at 37 1C for 30 min, with 5 U of the PolyA polymerase from Life Technologies in a 50 mL reaction mix containing 40 mM Tris HCl pH 8, 10 mM MgCl 2 , 2.5 mM MnCl 2 , 250 mM NaCl, 250 mM ATP and 50 mg mL À1 bovine serum albumin.
The reaction was stopped by the addition of 2 mL of 0.5 M EDTA, incubated for 5 min at room temperature, then heated at 75 1C for 10 min and precipitated with ethanol. cDNA was synthesized from the polyadenylated RNA using the Enhanced Avian Reverse Transcription Reaction. A twostep reverse transcriptase (RT)-PCR procedure was used, the reaction mix containing 5 mL of polyadenylated RNA, 1 mL of dNTP (500 mM each), 1 mL of primer dT (5 0 -cgcggaattcT 18 -3 0 ) harboring an EcoRI site and 9.5 mL H 2 O was incubated in a thermocycler at 85 1C for 10 min and then placed on ice. Subsequently, 2 mL of 10X buffer for AMV-RT (Avian Myeloblastosis Virus reverse transcriptase, Sigma-Aldrich), 1 mL of Enhanced Avian Reverse Transcriptase (1 U mL À1 ) and 0.5 mL RNAse inhibitor were added to the reaction mix. The mix was incubated at 25 1C for 15 min and then at 42 1C for 50 min. Twenty-five percent of the synthesized cDNA (5 mL) was amplified by PCR using primer F (5 0 -tgccatatgacgaaaccggtgcgc-3 0 ) harboring an NdeI site and primer (dT). Amplification was carried out for 30 cycles using the Accu Taq LA DNA polymerase from Sigma. The PCR fragments were cleaved with NdeI and EcoRI and cloned, in bulk, into the vector pMCS5 (Molecular Biologische Technologie). DNA was extracted from colonies hybridizing with the oligo-probe D (5 0 -aaccgggtcagccgccgtc-3 0 ) and the 3 0 ends of the cDNA were sequenced with the primer C internal to sblA (5 0 -atgacgaaaccggtgcgc-3 0 ) using an Applied Biosystems sequencing kit. The positions of the primers used are indicated in Fig. 2 .
Results
Fate of the sblA transcript in S. lividans sblA was previously shown to be transcribed as a roughly 840-nucleotide (nt)-long monocistronic mRNA from a unique promoter sequence (Gagnat et al., 1999) . However, a Northern blot analysis, carried out in slightly different conditions and probed with the HindIII-Alw44I fragment containing most of the gene (Fig. 1c) , revealed that, in addition to the full-length transcript, an c. 200-nt-long mRNA corresponding to the 5 0 end of the gene was present in RNA preparations of S. lividans TK24 (Fig. 1a) . The 3 0 end of this small transcript maps in the close vicinity of the putative stem-loop/AGGAGG structure.
Fate of the sblA transcript in various E. coli strains
The fate of the sblA transcript was also analyzed in the wildtype E. coli strain N3433, and in RNAse E ts (rne ts )-and RNAse III (rnc)-deficient mutants of that strain. To do so, sblA was first cloned into pQE32 (yielding pHC1001) in order to put its expression under the control of the IPTG inducible lac promoter. In that construct, the untranslated region upstream of the sblA start codon is 86-bp long. The two different oligo-probes A and B were then designed to establish the degradation pattern of the sblA transcript in the E. coli wild type-strain N3433 (Fig. 1c) . With the oligoprobe A, starting 1-bp downstream of the GTG translational start codon, the 1200 bp full-length transcript and two major processed species of c. 300 and 600 bp were detected, suggesting the existence of at least two processing sites in the sblA transcript (Fig. 1b-c) . Site 1 is predicted to be located just downstream of the putative stem-loop structure. Cleavage at this site should yield the 300-nt-long product corresponding to the 200-nt-long transcript detected in S. lividans (Fig. 1a) . Site 2 is predicted to map c. 300-bp downstream of the site 1. A unique cleavage at this site should yield the 600-nt-long detected product (Fig. 1b-c) . In the RNAse III mutant these processed products were also detected whereas they were not detected in the RNAse E ts mutant, at the nonpermissive temperature (Fig. 1b) .
With oligo-probe B, starting 574 bp downstream of the GTG translational start codon (382 bp downstream of the hairpin loop structure), two major rather smeary processed products, c. 900 and 600-bp long, were visible besides the hardly visible full-length transcript, in the three strains at 30 1C but not in the RNAse E ts mutant at the nonpermissive temperature (Fig. 1b) . The c. 900-nt-long transcript is thought to result from the cleavage at site 1 whereas the c. 600-nt-long transcript might result from the cleavage at site 2 (Fig. 1b-c) .
These results clearly demonstrated that, in E. coli, the RNAse E is responsible for the cleavage of the sblA transcript at two processing sites located c. 200 (region 1) and 500 nt (region 2) downstream of the GTG start codon (Fig. 1c) .
Comparative analysis of the sequence of the 3 0 ends of the small processed transcripts corresponding to the 5 0 end of the sblA gene when expressed in S. lividans or E. coli
In order to determine whether the cleavage in region 1 was occurring at the same position in S. lividans and E. coli, cDNAs corresponding to the 200 or 300-nt-long truncated sblA transcripts originating from S. lividans or E. coli, respectively, were synthesized, cloned and sequenced as described in 'Materials and methods' . The position of the last nucleotide of these truncated sblA transcripts originating either from E. coli or from S. lividans TK24 was reported above and below the sequence of the 5 0 end of sblA shown in Fig. 2 , respectively. Results shown in Fig. 2 indicate that, in both species, the last nucleotide of the 3 0 ends maps rarely downstream or within the stem-loop structure (17.4% for E. coli and 15.4% for S. lividans), but after this structure, an extremity is detected every 1, 2 or 3 nt. This regularity in degradation evokes the processivity of a 3 0 -5 0 exoribonuclease. However, one cannot totally exclude the fact that this nonrandom distribution results from an experimental artefact due to the fact that the polyA polymerase adds polyA tail less efficiently on double-stranded 3 0 ends RNA than on single-stranded 3 0 ends. The longest cDNA-polyA junction detected is located 5 nt downstream of the stem-loop structure, in 3 0 of an AU-dinucleotide, in E. coli as well as in S. lividans. The cleavage specificity of RNAse E is not very stringent but an AU-rich consensus sequence (G/A)AUU(U/A) was found in many of its target sites (Ehrestmann et al., 1992; Lin-Chao et al., 1994) . The small sblA transcript is thus likely to result from the cleavage by an RNAse E-like activity in both species.
If the site present in the sequence UCAUCC is indeed recognized and cleaved by the RNAse E in E. coli, it should be found in cleavage region 2. As a matter of fact, the best score of the Lalign program (Huang & Muller, 1991) allowed the finding of the sequence UGAACC (position 475) and that is rather similar to the site located downstream of the putative hairpin loop. The cleavage of the sblA transcript at this position in E. coli would yield the c. 600-bp-long smeary product (Fig. 1b) .
Discussion
Comparative analysis of the fate of the sblA transcript in S. lividans and E. coli revealed that several processed products were detected in E. coli whereas a unique very stable sblA processed product ending in 3 0 of the stem-loop/ AGGAGG structure was detected in S. lividans. This observation suggests that, in S. lividans, the degradation of this small transcript is much slower than that of the rest of the transcript. The interaction of this structure, with a putative RNA-binding protein, might protect the small transcript from extensive degradation. Interestingly, the stem-loop/ AGGAGG structure strongly resembles the binding site of the CsrA protein of E. coli (Romeo, 1998) . CsrA is a small, RNA-binding regulatory protein that interacts with ribosome-binding sites-like sequences, inhibiting the binding and/or the progression of ribosomes and thus the translation of the target transcript . The 'naked' untranslated transcripts are thus more vulnerable to endoand exoribonucleolytic attack, and are more rapidly degraded (Dubey et al., 2003; Dubey et al., 2005; Wang et al., 2005) . By analogy with this system, it may be speculated that in S. lividans, the interaction of a CsrA-like RNA-binding protein with the stem-loop/AGGAGG structure might impair the progression of the ribosomes, enhancing the probability of the most distal part of this transcript to be readily degraded (and thus undetectable), whereas the 5 0 end would be protected from extensive 3 0 -5 0 degradation, allowing its detection (Fig. 1a) . In Streptomyces, the late expression of the RNAse E of Streptomyces (Hagege & Cohen, 1997) is compatible with the putative involvement of that enzyme in the degradation of the sblA transcript.
In E. coli, because no suitable RNA-binding protein would be able to be recognize this stem-loop/AGGAGG sequence, the sblA transcript would be readily cleaved by the RNAse E at two processing sites, yielding three detectable discrete products degraded at comparable rates (Fig.  1c) . Subsequently, the stem-loop present on the processed product corresponding to the 5 0 end of the gene would be removed at once by an RNAse III-like activity (Chang et al., 2005) since hardly any 3 0 ends map within this structure. Once this structure is removed, the degradation of the sblA transcript becomes very regular and probably involves the processivity of a 3 0 -5 0 exoribonuclease activity attributed to RNAse II in E. coli (Frazao et al., 2006) and PNPase in Streptomyces (Bralley & Jones, 2003) .
This study suggested that a putative RNA-binding protein might interact with the stem-loop/AGGAGG structure in S. lividans. The purification of this putative protein that might play a role in the regulation of the decay of sblA transcript is now in progress using a reverse genetic approach.
